The aim of the present study was to evaluate the effect of plant and animal sources in the diet of Labeo rohita with an overall goal of gaining sustainable fish and egg production. Fishes with an initial weight of 310-323 g were fed with five different isocaloric (3Kcalg rohita. Hence, Our study revealed that for higher growth and better broodstock development, L. rohita may be fed on diet formulated with 30% rice bran, 50% groundnut meal and 20% fish meal.
INTRODUCTION
Fisheries sector plays an important role in the socio-economic development and nutritional security in developing countries like India. Out of the total 4.21 million tonnes (mt) of inland fish production in India, about 3.37 mt (80%) is being contributed by the aquaculture sector with an annual growth of about 6 %. Further, freshwater aquaculture sector contributes about 3.22 mt to the total aquaculture production of the country with Indian major carps -(Cyprinidae family), constituting the major share (87 %) (Ayyappan 2009 ). Among cyprinids, Labeo rohita (rohu) is the most popular fish species cultivated in Indian subcontinent. Rohu is highly delicious and prestigious fish species among other Indian major carps (FAO, 2000) . Availability of quality seed in required quantity is a prerequisite for higher aquaculture productivity. Although induced breeding has been a major breakthrough in promoting fish seed production, but its success depends on the quantity and quality of eggs produced by the female. Hence, brood stock nutrition plays a vital role in the reproductive performance of fish which not only determines the number of eggs produced but also its viability in terms of egg size, hatchability and survival. An improvement in brood stock nutrition and feeding has shown improvement not only in egg and sperm quality, but also in seed production (Izquierdo et al., , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org 2001; Quintero et al., 2009) . Brood stock nutrition of carps is one of the most poorly researched areas in aquaculture. So far few studies have been made on brood stock nutrition of carps (Singh and Dhawan 1996; Khan et al., 2003 Khan et al., , 2005 Anonymous 2006; Nandi et al., 2001 Nandi et al., , 2007 . To a large extent, this may be due to the necessity of suitable indoor or outdoor culture facilities for maintaining large groups of adult fish and the consequent higher cost of running and conducting extended brood stock feeding trials (Varghese et al., 2009) . Keeping in view the economic importance of fish feeding, present study was undertaken to investigate the effect of five feeding regime with different ingredients on growth, gonadal maturation, fecundity, egg size and flesh composition of L. rohita over a period of 270 days.
MATERIALS AND METHODS

Feed and feeding trial:
Five isocaloric diets (3Kcalg -1 ) with different plant and animal based ingredients viz. D 1 (30% rice bran and 70% groundnut meal), D 2 (30% rice bran ; 50% groundnut meal and 20% fish meal), D 3 (30% rice bran ; 50% groundnut meal and 20% mustard meal), D 4 (30% rice bran ; 30% groundnut meal; 20% mustard meal and 20% fish meal) and D 5 (30% rice bran ; 30% soybean meal ; 20% mustard meal and 20% fish meal) were fed @ 3 % fish body weight (FBW) throughout the culture period. Feed was provided in the form of dough and feeding was done at fixed corners of the pond every morning. The percent composition and cost are given in Tables 1. The proximate analysis including crude protein (CP), ether extract (EE), crude fiber (CF), nitrogen free extract (NFE), neutral detergent fiber (NDF), acid detergent fiber (ADF), and ash on dry matter (DM) basis of different feed ingredients and prepared diets was done (Table 2) following the methods of AOAC (2000) in the Nutrition Laboratory, College of Fisheries, Guru Angad Dev Veterinary and Animal Sciences University (GADVASU), Ludhiana. Gross energy was calculated on the basis of gross energy values of crude protein, total carbohydrates (nitrogen free extract) and total lipids (ether extract) of respective diets in terms of kilocalories -1 g by using energy factor 5.65 for protein, 9.45 for fat and 4.10 for carbohydrate (Herpher et al., 1983) . Experimental tank and stocking of fish: The experiment was carried out in 80 m 2 outdoor cemented ponds (0.008 ha). Five-inch thick layer of soil was spread at the bottom of each pond to hasten the decomposition process. The tube well water was used for initial filling of all the ponds and to compensate for losses (due to seepage and evaporation), as and when required. All the ponds were manured with cow dung @ 20,000 kgha -1 yr -1 . One fourth (40 kg per pond) of the manure was applied 15 days prior to the stocking of fish and rest in equal installments (10 kg per pond) on fortnight basis. Male and female fishes were procured from fish farm of College of Fisheries, Guru Angad Dev Veterinary and Animal Sciences University, India. Each pond was stocked with yearlings of Indian major carp, rohu, L. rohita (Hamilton, 1822) @ 1,000 kg per ha (15 fish per pond). At the time of stocking, the average total body length and body weight of fish was 28-30 cm and 310 -323 g respectively. Water quality: Dissolved oxygen (DO), ammonia nitrogen, nitrite nitrogen, pH and alkalinity were recorded in all ponds at monthly interval following standard methods of estimation (APHA, 2012) . Growth and survival: Rate of survival in each treatment was determined by comparing the live fish recovered at the end of experiment with that of total fish stocked. The fish were weighed every month to calculate their mean body weight and the total biomass present in each tank. The fish were caught by netting. A random sample of 10 fish of each species from each pond was collected to record length and weight of fish. Then fish were weighed individually on a digital scale (accurate to ±0.01 g). Growth of the fish were monitored in terms of Total length gain (TLG), net weight gain (NWG), percent total length gain (% TLG), percent net weight gain (% NWG), condition factor, for every treatment. The biological indices were calculated as: Condition factor = Weight of fish / cube of ength x 100 Gonadal maturity: Maturity of fish in terms of Gonado-Somatic Index (GSI), Hepato-Somatic Index (HSI), fecundity and ova diameter of L. rohita were carried out at the termination of the experiment. The fishes were selected and liver and ovary were dissected out. Ovarian sub-samples from different parts (anterior, middle and posterior) were collected for measuring the ova diameter with ocular micrometer. The ocular micrometer reading was converted into 'mm' by calibrating the ocular micrometer with a stage micrometer. The biological indices were calculated as: Fecundity was estimated gravimetrically (Lagler, 1971) . HSI= Weight of Liver X 100 Weight of fish -Weight of liver GSI= Weight of gonads X 100 Weight of fish -Weight of gonads Biochemical analysis of flesh: Flesh samples from three specimens of L. rohita were collected from each experimental pond at the end of experiment and flesh quality in terms of total protein (Lowry et al.,1951) , total lipids (Folch et al., 1957) , carbohydrates (Dubois et al., 1956) , moisture and ash contents were estimated using the standard methods (AOAC 2000) . Statistical analysis: All data are presented as mean ± standard error. Data were statistically processed for one-way analysis of variance (ANOVA) and significance difference between two groups were determined by Duncan's multiple range test. The value P<0.05 was used as the criterion for statistical significance. All the analysis was done by Statgraphics statistical package and SPSS.
RESULTS
Water quality: No significant differences in physico -chemical parameters (temperatures, pH, dissolved oxygen, alkalinity, ammonical nitrogen, nitrate and nitrite) of water were found amongst five dietary treatments. Physico-chemical parameters of water varied in the range as temperature (11.80 to 34.10°C), pH (8.3 to 9.8), dissolved oxygen (8.0 to 11.75 mg l ) and were within optimum range for carp culture throughout the culture period. The data of all the month were pooled and listed in Table 3 .
Growth and survival:
The growth parameters for L. rohita yearling in the different treatments (D 1 -D 5 ) in terms of mean body weight gain, %weight gain, mean length gain, % length gain, SGR, survival (%) were calculated and are shown in *Solvent extracted, **All diets were supplemented with vitamin mineral mixture, salt and mustard oil @ 1.5 %, 0.5% and 2% respectively. ** *D1 is a control diet recommended by ICAR (Anonymous 2006) . ****Cost calculated on the basis of prevailing market prices. Note: 1 Rupees is equal to 0.016 $ Table 2 . Proximate composition (Dry Matter basis) and gross energy of different feed ingredients and prepared diets.
*Solvent extracted, CP-crude protein, EE-ether extract , CF-crude fiber , NFE-nitrogen free extract , NDF-neutral detergent fiber, ADF-acid detergent fiber (ADF), GE-gross energy Table 5 . Absolute fecundity was significantly higher (p<0.05) in the D 2 fed group while it was lowest in diets which were deficient in fish meal. In the study, the average absolute fecundity varied from 1,11,894 to 2,24,162 in five treatments and differed significantly (p<0.05). Ova diameter of the fish ranged from 0.64 to 0.86 mm at the end of culture period with maximum (0.86 mm) in D 4 and minimum (0.64 mm) in D 1 . From the Table  5 , it is clear that diets containing fish meal differ significantly in terms of egg size than without fish meal. Proximate composition of body: Whole body proximate composition is shown in Table 6 . Fishes fed different experimental diets exhibited no significant differences (p>0.05) in terms of total carbohydrate, ash and moisture composition, however, whole body protein and lipid content varied significantly (p<0.05). The highest protein content was observed in group fed with diet containing fish meal however lowest was observed in control (D 1 ). Highest total lipid was recorded in D 5 (2.45%) and minimum in D 3 (1.21%).
DISCUSSION
The results of the present study clearly indicated better health and reproductive condition of the group fed with diets containing fish meal. To obtain high yield in term of growth and quality of fish is the main goal of aqua culturist. The fish growth attributed as an increase in overall length and weight of fish under feeding regime.
The net weight gain of fishes was significantly higher (p<0.05) in groups fed with fish meal (D 2 , D 4 , D 5 ) than control (D 1 ). It can be attributed to increased feed acceptability and palatability and hence less wastage of feed which ultimately led to increased growth and a commensurate conversion into flesh (Ovie and Ovie, 2007) . In addition, fish meal also is rich in polyunsaturated fatty acids (PUFA) and has balanced amino acid profile. (Refstie et al., 1998; Francis et al., 2001; Peres et al., 2003) , low protein digestibility (Refstie et al., 1998) or deficiency of the essential amino acids (Chong et al., 2003; Tantikitti et al., 2005) . Lin and Luo (2011) reported a decrease in SGR and growth of tilapia, Oreochromis niloticus with an increase in dietary soybean meal. Similar results have been reported in L. rohita (Khan et al., 2003; Saeed et al., 2005; Ahmed et al., 2012) , Barbodes altus (Elangovan and Shim, 2000) , red tilapia (Moharram and Raky, 2007) . However, Abid and Ahmed (2009) has reported contrasting results and found diet containing soybean and sunflower meal attained good growth than diet containing fish meal. Silva-carrillo (2012) reported that up to 20% replacement of fishmeal with soybean meal did not impart any significant difference on growth of spotted rose snapper. Similar results were reported in marine species such Japanese flounder, Korean rockfish, olive flounder and Senegalese sole Kikuchi 1999; Lim et al., 2004; Cabral et al., 2011) . One way to improve gamete quality and viable larvae production is improving broodfish nutrition and feeding (Izquierdo et al., 2001.) (Peres et al., 2003) , low n-3 PUFA with low phosphorus avaibility (Robaina et al., 1995) , deficiency of methionine and lysine (Pandey et al., 2009 ) and high level of isoflavonoid phytoestrogen (Dixon, 2004) in soybean meal. Similar results were obtained in gilthead seabream (Zohar et al., 1995) , rainbow trout (Pereira et al., 1998) , tilapia (Cumaranatunga and Thabrew, 1989) , sharpsnout seabream (Hernandez et al., 2007) , channel catfish (Sink et al., 2010) and gold fish (Bagheri et al., 2013 (Vergara et al., 1996; Gangadhar et al., 1997; Regost et al ., 2001) . Ai et al. (2004) also reported that carcass lipid content of juvenile Japanese seabass, Labrax japonicas, positively correlated with the dietary lipid level and ash content however, inversely correlated with moisture content. In contrast, Regost et al. (2001) found no significant difference in whole body moisture and ash content of fish body in fishes fed with different diets.
Conclusion
The results exhibited that the inclusion of fish meal in the diet of L. rohita significantly increases the somatic growth, gonadal development and body protein of fish but do not significantly change the carbohydrate, moisture and ash of fish. Baseline data generated from the present study would be useful in developing future cost effective balanced broodstock diets of L. rohita. 
